
Geoexploration, 24 (1987) 109-124 
Elsevier Science Publishers B.V.. Amsterdam - Printed in The Netherlands 

109 

Terrain Correction for Gravity Measurements, 
Using a Digital Terrain Model (DTM) 

A.C.R. KETELAAR 

Department of Exploration Geophysics, University of Utrecht, Budapestlaan 4, P.O. Bon 80.021, 
3508 TA Utrecht (The Netherlands) 

(Received October 2,1985; accepted after revision September 22,1986) 

ABSTRACT 

Ketelaar, A.C.R., 1987. Terrain correction for gravity measurements, using a digital terrain model 
(DTM) . Geoexploration, 24: 109-124. 

A single-term expression is given to calculate the gravitational effect for any square vertical 
prism with a sloping surface. A moderate measure of approximation is involved. The expression 
is well suited to automatic calculation of the terrain correction when a digital terrain model is 
available. The subjective or intuitive averaging of the elevation of a large sector is thereby dimin- 
ished. For the square area immediately surrounding the gravity station, three geometrical models 
are presented, of which the one may be selected which best suits the local morphology as well as 
the desired accuracy. 

INTRODUCTION 

A digital terrain model (DTM) , in which the topography is described by the 
elevation numbers on a square grid, offers the possibility of automatically cal- 
culating the terrain correction for gravity surveys. The DTM is stored in a 
rectangular array. For a sample area, two equivalent representations of the 
terrain are shown in Figs. 1 and 2. These are: a simplified contour map and a 
stacked-profile map, respectively. The SW corner is also given in Table I, as a 
part of the DTM array. The sampling grid is 100 m x 100 m. 

The elevation number is assumed to represent the elevation of a square ter- 
rain block with sides equal to the grid unit. This first approximation may or 
may not be permissible, depending upon the grid unit size, the morphology and 
the required accuracy. The square area in the SW corner of Fig. 2 is shown in 
Fig. 3, using this first approximation. Details of the construction are shown 
separately in Fig. 4. 

For any grid point 0, it is possible to calculate the gravitational effect of any 
other terrain block. If the height of the block is taken equal to the difference 
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Fig. 1. Contour map of sample area. Interval = 50 m. 

in elevation between the block and the point 0, the calculated gravitational 
effect is identical to the terrain correction. The gravitational effect of a rectan- 
gular prism with horizontal upper and lower surfaces and vertical sides, has 
been known since 1830 (Everest, 1830). A more accessible paper by Nagy 
(1966) gives equivalent expressions. They are lengthy, occupying 24 terms and 
a multitude of factors. 

If the upper and lower surfaces of such a prism slope centrally towards point 
0, the expression reduces to 8 terms (Ketelaar, 1976). The expression is a 
function of the distance from 0 to the block in question: K=f( i, j) , where i and 
j are grid coordinates. It must be evaluated eight times, twice for each of the 
four edges of the prism. As with the first approximation, this second approxi- 
mation of the terrain surface may or may not be permissible, again depending 
upon the grid unit, the morphology and the required accuracy. Fig. 5 shows the 
same area as before, but using this second approximation. Details are shown 
in Fig. 6. 
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TABLE I 

SW corner of the sample area, given as elevation numbers 

ir1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 lh 17 

jr ’ 
i ‘245 247 250 262 260 267 250 252 ‘262 258 253 248 253 Lb2 i6/ Lb5 i‘i? 

2 255 247 Lb2 267 258 272 250 255 258 ‘267 258 261 253 259 258 2>‘1 ~6, 

3 268 248 272 265 268 272 255 257 255 262 267 276 260 25: 257 262 2ti 

4 268 262 267 267 268 261 262 255 257 257 265 225 275 244 263 ibi 2~11 

5 275 280 270 282 268 263 252 262 265 257 Lb7 263 263 26; 261 267 i/0 

b 283 281 272 280 285 215 262 267 258 263 262 265 26” 265 210 2bi 277 

7 284 284 230 290 296 280 262 272 270 ‘264 26.5 264 269 2iL? 210 ;6/ ib8 

8 295 292 287 282 275 263 272 272 275 263 268 277 272 2/i 272 272 ?;2 

9 295 287 280 285 270 271 275 275 280 272 2h9 2;8 272 Lib 17,’ 217 27.’ 

10 212 28b 282 275 270 275 275 275 280 282 2ii iii 2,; 283 iti3 279 282 

11 275 230 280 280 2/5 Z/7 i87 292 285 282 272 275 ii/ 284 283 2181 28) 

12 272 273 287 287 274 280 280 283 280 21; 272 778 282 29P 290 281 “i/ 

13 275 282 285 283 277 285 288 287 278 282 283 285 295 31E! ?:0 30;’ 302 

14 282 286 283 283 282 287 281 28,’ 287 290 294 302 312 379 1.37 32~, 3:‘) 

15 ‘290 295 294 287 284 281 ‘212 235 296 297 305 325 345 365 365 3541 ?-‘I 

16 287 2% 294 285 292 291 200 302 307 320 340 340 36R 392 392 3@cI >b’j 

Ii 283 23~ 296 295 237 301 310 317 325 352 375 35i 380 411 4:) 4a0 3// 

18 292 296 302 305 307 317 326 335 360 360 385 387 40~3 425 ci 2 5 4 e 0 ? 7 zz 

19 302 305 312 318 330 345 350 370 390 395 46) 426 430 402 “d7 315 34.~ 

20 312 317 32s 345 365 385 398 405 425 430 433 431 430 3/o 37: 343 iii’ 

21 327 335 342 360 330 423 428 435 452 441 433 415 3’3i 340 3~5 3~2 315 

22 541 356 380 330 425 455 465 460 452 432 405 382 360 325 325 310 302 

23 312 393 415 430 452 480 478 455 427 4a0 3/2 352 33? 3M7 _iai 302 237 

2 4 3 9 7 42’~ 455 410 471 480 460 417 400 3i2 350 330 31; 304 305 29, 287 

25 425 c:y 481 505 490 4bE 430 405 387 354 332 312 30; 291 1Y/ 233 2Bi 

26 455 482 510 510 475 440 410 385 372 350 330 311 307 237 297 295 283 



Fig. 2. The sample area represented as stacked elevation profiles. The 2 scale is the same as the X 
and Y scale. The square in the SW corner indicates the area shown in Figs. 3 and 5. 

Subjectively it is noted that this second approximation is more valid than 
the first in the vicinity of the point 0. 

The expression for the prism with horizontal upper and lower surfaces can 
be simplified by a number of approximations, after which it becomes equiva- 
lent to the expression for the prism with sloping upper surface and horizontal 
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Fig. 3. SW corner of the sample area as stacked profiles with horizontal upper surface in each 
prism. Circle = centre. 
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Fig. 4. Ground plan of the terrain prisms with horizontal upper surfaces. 
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Fig. 5. SW corner of the sample area as stacked profiles with sloping upper surface in each prism. 
Circle = centre. 

1 

Fig. 6. Ground plan of the terrain prisms with sloping upper surfaces. 
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TABLE II 

Relative error of [K- (i’+j’) -‘.‘j /Ii, in percent 

i:O 1 2 3 4 5 6 

j 
1 3.666 2.428 
2 1.008 0.859 0.542 
3 0.457 0.416 0.327 0.237 
4 0.259 0.244 0.211 0.170 0.130 
5 0.165 0.160 0.140 0.122 0.102 0.085 
6 0.116 0.110 0.107 0.094 0.079 0.062 0.059 

lower surface (or vice versa). This implies that the shape of the surface is not 
particularly important except in the immediate vicinity of the station 0. 

Figs. 3 and 5 show an area with a size of 2 km x 2 km, sampled on a grid of 
100 rnx 100 m. To calculate the terrain correction in the centre 0, the contri- 
bution of each of the 440 prisms surrounding it, is evaluated and summed. 

The function K ( i, j) can be calculated once for every ( i, j) and stored in an 
array, after which the appropriate element can be called and used for each 
prism in turn. It would also be convenient to overlay the DTM array with a 
third array representing the rock densit,y map of the area. 

SIMPLIFICATION OF K=f( i,j, 

The expression for rC=f(;, j) is given in an appendix by Ketelaar (1976)) 
and its numerical value as well, for i and j up to 7 (inclusive 1. 

It appears that the function K is almost equal to ( i2 + j” ) -o.5. Table II gives 
the relative error involved in this approximation. It is suggested that, even for 
the prism closest to 0, this error is so small that it is acceptable to use the 
approximation. The expression for the terrain correction then becomes very 
simple indeed: 

g=Ga (l-co~a)D(i~+j~)-~~~ (1) 

where G is the gravitational constant, D is the grid unit and ~1 is the slope from 
0 to the prism’s upper surface (or lower surface, as the case may be) : (T is the 
density. 

The angle cy can be written explicitly as (see Fig. 7) : 

a=ATN[ {h&j) -h(O, O)}/{D(i2 +j2)o.5j] 

Taking R=D( i2 +j2)o.5, eq. 1 can be written as: 

g=Ga(l-cos ar)B2fR (2) 

This expression shows that, for a constant terrain slope cy, the terrain correc- 
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Fig. 7. Central angle cr. 

tion decreases linearly with the distance: this in spite of the linearly increasing 
height and therefore linearly increasing mass. Eq. 2 is used in Table III, which 
can be used to estimate the largest distance at which the terrain must be taken 
into account, when using prisms of 100 m x 100 m. Alternatively, when taking 
a constant height for all prisms outside the observation station in 0, eq. 2 gives 
the values shown in Table IV. 

EXAMPLE 

The area in Figs. 1 and 2 has the size of 3.5 km~5 km. It was sampled on a 
square grid of 100 m x 100 m, so that the DTM array consists of 1836 elements. 

TABLE III 

Terrain correction in mgal for a prism of 100 rnx 100 m and a height such that a=constant; 
density= 2670 kg me3 

(Y R=300 600 900 1200 1500 (m) 

10” 0.0090 0.0045 0.0030 0.0023 0.0018 
20” 0.0358 0.0179 0.0119 0.0090 0.0072 
30” 0.0795 0.0398 0.0265 0.0199 0.0159 

TABLE IV 

Terrain correction in mgal for prisms of 100 rnx 100 m with a given centre height at different 
distances; density = 2670 kg me3 

H R=300 600 900 1200 1500 (m) 

100 0.0305 0.0040 0.0012 0.0005 0.0003 
200 0.0970 0.0152 0.0047 0.0020 0.0010 
300 0.1739 0.0313 0.0102 0.0044 0.0023 
400 0.2375 0.0498 0.0171 0.0076 0.0040 
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Fig. 8. Stacked profib of the terrain corrections cahlated for features up to I km in the cardinal 
directions. 

For a gravity survey in this area, the terrain correction was required for fea- 
tures within a distance of 1 km. Using eq. 1, the terrain correction was obtained 
for 496 stations in a rectangle of 1.5 km X 3 km. Table V gives the values in 
milligals, using a density of 2670 kg/m3. The table covers only the 11 south- 
ernmost lines. The corrections for the entire area are shown in the form of a 
stacked profiles map in Fig. 8. The correction accounts for all elements inside 
a square of 2 km x 2 km and not merely a circle with a diameter of 2 km. 

The gravity stations in this survey were spaced with an interval of 25 m. The 
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TABLE V 

S part of the sample area: terrain corrections in mgals, accounting for features up to 1 km in the 
cardinal directions; density 2670 kg m-” 

i: 11 12 13 14 15 16 17 78 19 20 21 22 
j:* 

11 El.251 0.252 0,277 0.2”8 0.267 0.294 0.277 @.‘?95 ;-‘..s.39 o.jt,: El.>;; I/. !‘r; 

!3 e. 413,’ 0. 571 0.6: i 0.626 0.581 0. 036 0.409 0. 296 0. Lb5 a. 291‘ 0.523 t. +2@ 

15 0.885 0.864 0.998 1.135 1.057 0.869 0.613 0.473 0.322 cl.244 B.i’.<F: 1!.;2, 

17 1.222 1,022 1,036 1.797 I.752 !.42$ !.a67 0.783 0.5Bh 0,338 M.i‘39 II. if?; 

16 1.034 1.098 !.180 I.:81 1.988 1.539 1.088 0.786 0.529 0.356 0.248 %. Z-13 

ZB i.549 1.6’51 2.Ld0 I.312 1.236 1.009 0.798 a.581 O.;i?3 0.283 0.238 kl.I>Jk 

22 1.318 1.29! 1.266 1.108 ffi.233 0.628 0.477 0.355 kR.276 0.233 0.!5? d. 118 

23 1.24h 1.i39 1,047 @.‘!I33 0.634 0.487 0.186 R.331 0.23: 0.215 0.128 0.091 

24 I.124 1.017 0.847 0.?05 OS473 0.406 0.314 0.293 k??.iO2 0.182 0.i10 a.032 

25 1.044 0.896 0.736 0.629 0.436 0.353 0.300 0.222 0, i8ci 0.138 0.099 @,@t;Z 

26 0.830 0.694 0.590 0.525 0.374 0.323 0.342 0.231 0. 164 0. 129 0.015 0. cl,??. 
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Fig. 9. Scheme for the inner square. 

tabulated numbers were interpolated to obtain the correction for each station. 
Around each gravity station there remains an area of 4 squares of 50 m x 50 m. 
The effect of this area must be accounted for “by hand”. This inner zone is 
discussed in the next section. 

THE INNER SQUARE OF 100 m x 100 m 

Two alternatives are open. Firstly eq. 1 can be used. It would be very costly 
to undertake a dense survey of the elevation of the area immediately around 
the gravity station. By successively reducing the grid unit D by a factor of l/3 
one can come as close as desired to the station, each reduction giving 8 smaller 
squares with the central, ninth, square remaining unprocessed immediately 
around the gravity station. The scheme is shown in Fig. 9, in which the num- 
bers are based on the original value of D ( = 100). In the illustration D takes 
the values of 33.3 and 11.1. The central remaining zone consists of four squares 
of 5.5 m ~5.5 m and could be reduced by a further step, with 0=3.7 and a 
remaining area of in all 3.7 m X 3.7 m. 

The accuracy required for the elevations in the various squares can be esti- 
mated as follows. From eq. 1 we obtain: 

dg/dH=Ga 0’ H/(H2+R2)1.5 

from which: 
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TABLE VI 

Levelling accuracy required for an accuracy of 0.001 mgal per prism (in m ) ; density = 2670 kg 
mm’ 

4”) Prism Prism 
on axis in corner 

2 1.61 3.22 
5 0.65 1.30 

10 0.33 0.67 
15 0.23 0.47 
20 0.19 0.37 
25 0.16 0.32 
30 0.15 0.30 

1 

Fig. 10. Wedge-shaped terrain prism with the strike along an axis. 

dH=dg (Hz +R2)1.5/(G CT 0’ H) 

Under the condition that i = 0 and j = 1, valid for a prism on an axis, D = R; 
when i =j = 1, valid for a corner prism: D = R/v/z. 

These two conditions give the following two relations: 

dH=dg/(G CT sin cy cos’ay) 

dH=2dg/(Gosinacos2cu) 

Setting the required accuracy dg at 0.001 mgal these two equations determine 
the accuracy with which the elevations must be known. Table VI gives the 
required accuracy for a few values of a. 

In a number of cases a satisfactory accuracy can be obtained by using a 
combination of compass, rangefinder and clinometer from the gravity station’s 



121 

TABLE VII 

Terrain correction (mgal) for a wedge of 50 m X 50 m with a surface slope cy, having a density of 
2670 kg mm3 

a’(“): 
Terrain 
corr. 
(mgal): 
n (0): 
Terrain 
corr. 
(mgal): 

2 5 10 15 20 25 30 

0 0.003 0.012 0.027 0.049 0.076 0.111 

80 85 86 87 88 89 89.5 

1.04 1.25 1.30 1.35 1.41 1.48 1.52 

position to estimate the elevations in the eight squares. Note that the required 
accuracy is independent of the grid unit D. 

The second method to approach the question is by considering a complete 
50 m x 50 m prism. The prism in question may show a plane upper surface 
which has its strike along the x-axis and a maximum slope cy in the direction 
of the y-axis. The situation is shown in Fig. 10. The gravitational effect of this 
wedge is expressed as: 

with the following limits of integration: x = 0 to D/2: y = 0 to D/2 and z = 0 to y 
tan (Y. Integrating and using the boundary condition that for cy = 0, the gravi- 
tational effect equals zero: 

g=Ga (D/2) [2 log(l+J-i) +cos cy log (cos cr) -cos cu log (1 

+(cos%+l)+}--log{cosa+(cos%+l)~}] (4) 

It is noted that an infinitely high scarp next to the gravity station is equivalent 
to an angle a! =90”. This situation leads to: g= 1.176 0 (D/2) 10v5 mgal for a 
prism of D/2 x D/2; taking a density of 2670 and a prism of 50 m x 50 m: g= 1.57 
mgal. This situation is also approached for smaller angles. 

Table VII shows the effect for some smaller slopes. The density was taken 
at 2670 and the prism sides were 50 mX50 m. The accuracy with which the 
slope cy must be known in order to estimate the terrain correction with an 
accuracy dg, can be obtained by differentiating eq. 4, after which an evaluation 
of da gives the results tabulated in Table VIII, which were calculated using 
dg=O.OOl mgal and a wedge of 50 mx50 m. Conversely, an estimate of the 
accuracy with which the wedge’s slope is determined, leads to an estimate of 
the accuracy with which the terrain correction for that terrain block has been 
calculated. 
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TABLE VIII 

Accuracy required for measuring the terrain slope a to obtain the terrain correction accurate 
within 0.001 mgal, valid for a wedge of 50 mx50 m and a density of 2670 kg rn-’ 

cy (0): 2 5 10 15 20 25 30 
da (‘): 2.1 0.8 0.4 0.3 0.2 0.2 0.1 

Fig. 11. Truncated prism with a central slope cy towards the station. 

A variant of the whole prism with sloping surface is shown in Fig. 11, where 
the strike is at 45’ to the x and y axes. 

The volume integration of eq. 3 is done within the following limits of inte- 
gration: x = 0 to D/2: y = 0 to D/2: z = 0 to (x2 +y2) 1 tan CL Actually this implies 
that the surface is not plane but conical: for all but the most extreme terrain 
slopes the distinction will hardly matter - the more so because we are dealing 
with calculations whereby approximations are present in all stages of the ter- 
rain representation. 

Integrating eq. 3 and determining the constants of integration by evaluating 
the gravitational attraction when cy = 0, gives a simple expression: 

g=Gcr (l-cos~)~log(l+~~) (5) 

As is to be expected, the situation of an infinitely high vertical scarp adjacent 
to the gravity station provides the same value as in the previous case. Table IX 
gives the terrain correction for the same set of slopes as used in Table VII, and 
calculated for a prism of 50 m x 50 m and a density of 2670 kg rne3. 

The accuracy with which the slope cx must be measured for a given accuracy 
dg, may be obtained by differentiating eq. 5 and evaluating the resulting 
expression for dcu. Table X provides some insight into the required and attain- 
able accuracy. 
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TABLE IX 

Terrain correction (mgal) for a truncated prism of 50 m x 50 m with a slope (Y towards the station 
(density 2670 kg mm”) 

a’(“): 2 5 10 15 20 25 30 
Terrain 
corr. (mgal): 0 0.006 0.024 0.053 0.095 0.147 0.210 

0 (“): 80 85 86 87 88 89 89.5 
Terrain 
corr. (mgal) : 1.30 1.43 1.46 1.49 1.51 1.54 1.56 

TABLE X 

Accuracy of the terrain correction dg and the slope error da as a function of the terrain slope N 
for a truncated prism of 50 m x 50 m with a density of 2670 kg mm3 

47 a (0): 
(meal) 5 10 15 20 25 30 

0.001 0.4 0.2 0.1 0.1 0.1 0.1 
0.005 2 1 0.7 0.5 0.4 0.3 
0.01 4 2 1.4 1 0.9 0.7 

CONCLUSION 

The usual practice of lumping together hills and depressions inside one of 
the outer zones, in order to obtain an average height, leads to terrain correc- 
tions which are uncertain at best and subject to errors at all times. There is 
some evidence that the practice involves an “intuitive” averaging which there- 
fore introduces noise in the final result. Calculating, let alone checking the 
terrain corrections is an expensive and troublesome business and every attempt 
at automating this process is welcome. Manual calculation on a widely spaced 
grid and interpolating for intermediate gravity stations, as is often done, may 
also lead to introducing noise into the completed, corrected profiles if, as may 
be the case, the terrain correction does not change linearly between the widely 
spaced points. 

In most systems for calculating the terrain correction, the size of the outer 
zones increases. The correction for hills and valleys in a large outer zone should 
be calculated separately: when their elevations are averaged the calculated ter- 
rain correction will be too low. 

The single-line expression given in this paper could be used for an automated 
terrain correction which avoids the abovementioned disadvantages. The three 
models presented for the inner zone, offer a choice which may be based on the 
actual shape of the terrain immediately surrounding the gravity station: the 
procedures outlined are essentially “manual”, but do not require charts or tables. 
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